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(54) Optical system with an axially moveable apertured plate 



(57) An optical system (or a particle beam device 
such as an electron microscope, e-beam device or FIB 
device, including a particle beam column having an op- 
tical axis along which a beam of particles is projected 
and an apertured plate positioned in the column having 
an aperture which is coaxial with the optical axis, the 
plate being moveable in a direction which is parallel lo 
the optical axis. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an optical system, £ 
and in particular to an optical system for use in charged 
particle beam systems such a electron beam (e-beam) 
or focused ion beam (FIB) systems. The invention pro- 
vides an adjustable aperture for use in such systems 

w 

BACKGROUND OF THE INVENTION 

Aperture arrangements are used in light and 
charged particle optical systems to reduce beam diver- 
gence angles and beam intensity through the system, is 
Apertures can also be used to intercept unused portions 
ot the beam to prevent undesirable beam interactions 
with the optical system. 

The ability to control beam divergence angle is im- 
portant because it affects the magnitude of aberrations 20 
in the optical system. Such aberrations can cause an 
undesirable increase in beam spot size. The ability to 
change aperture size is also useful for controlling beam 
intensity. This may be required where a sample is sen- 
sitive to irradiation and reduced intensity is required. Al- 2s 
ternatively, signal acquisition times may be critical in 
which case a higher intensity may be required. In a 
charged particle system, there is a trade-off between 
beam intensity and spot size, greater intensity neces- 
sarily resulting in a greater spot size for non-diffraction 30 
limited systems (i.e. most systems for e-beam testing 
and lithography). The ability to adjust the aperture is one 
method by which a user can tune the optical perform- 
ance of a system (intensity vs. spot size) according to 
their particular requirements. 35 

Two approaches have been previously proposed to 
allow variation ol the aperture of a system, iris dia- 
phragms and multiple lixed apertures of varying sizes. 

Ins diaphragms have been used traditionally in light 
systems and include a single aperture with an iris mech- <«> 
anism which can be used to reduce the opening of the 
aperture Ins diaphragms are usually limited to minimum 
aperture sizes of about 500 pm diameter and aperture 
member thickness ol about 100 pm. For charged parti- 
cle systems, apertures as small as 1 0 pm diameter and is 
1 pm thickness may be required to restrict the accept- 
ance angle sufficiently This effectively rules out the abil- 
ity to use ins diaphragms. 

An alternative mechanism used in such circum- 
stances comprises a strip with a discrete number of fixed so 
size apertures which may be positioned in the beam. 
Because no moving parts are involved in the apertures 
themselves, small diameters and thicknesses are pos- 
sible. To change apertures, two approaches are possi- 
ble. Either the strip is translated across the beam until ss 
the desired aperture is aligned with the beam, or the 
beam itself is deflected so as to pass through the desired 
aperture. 



With eithermechanismonlydiscretechanges in ap- 
erture sizes, and, hence acceptance angles : are possi- 
ble unless they are used in combination with other 
changes to the charged particle (electron) optical sys- 
tem such as changing lens excitations. However, chang- 
ing lens excitation (focal length) changes the magnifica- 
tion of that lens. This leads to unwanted coupling be- 
tween changes in (effective) aperture size and changes 
in electron optics. 

It is an object of the present invention to provide an 
optical system in which the aperture is continuously var- 
iable and which does not suffer from the problems as- 
sociated with previous approaches. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided an optical system lor a particle beam device 
or a light optical device, comprising an optical column, 
such as a particle beam column, having an optical axis 
along which a beam is projected; and an apertured 
member positioned in the column having an aperture 
which is substantially coaxial with the optical axis, the 
member being moveable in a direction which is substan- 
tially parallel to the optical axis 

This invention is particularly applicable to charged 
particle systems such as e-beam and FIB systems 
which require that the optical system be located in a vac- 
uum chamber. The provision of a single, lixed size ap- 
erture which is moved along the optical axis of the sys- 
tem allows continuous variability of the aperture. Vary- 
ing the position of the aperture along the optical axis 
with respect to the object plane acts to vary the angle 
subtended by the aperture at the object plane. In many 
important applications this has the same effect as 
changing the aperture size while keeping the position 
fixed. The effective number of different aperture sizes is 
determined by the resolution of the actuator used to 
move the apertured member. The range of aperture siz- 
es available is determined by the size of the aperture 
used and the distance between Ihe object plane and the 
apertured member at its extreme positions. 

Since it is possible to position the moveable aper- 
ture within the optical column, Ihe overall size of the sys- 
tem does not need to be increased, especially in the di- 
rections perpendicular to the optical axis. It is preferable 
to place the aperture system between the condenser 
lens and objective lens of the optical system. 

It is also desirable to align the aperture center with 
the optical axis to reduce aberrations. One way to 
achieve this is to provide for movement of the aperture 
in the direction perpendicular to this axis. This is preler- 
ably achieved usinganacluator arrangement at one end 
of a housing carrying the aperture member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic view of an optical sys- 
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(em according to one embodiment of the invention; 
Figure 2 shows a schematic view of an optical sys- 
tem according to a second embodiment of the in- 
vention; and 

Figures 3a and 3b show the embodiment of Figure s 
1 at extreme positions. 

DESCRIPTION! OF THE PREFERRED EMBODIMENT 

Referring now to Figure 1, there is shown therein 10 
an optical column for an electron beam device (a Sch- 
lumberger IDS 10000 e-beam test system available 
from Schlumberger Technologies. Inc. of San Jose Cal- 
ifornia) according to one embodiment of the invention. 
Certain parts not essential to the understanding of the is 
invention are omitted lor clarity. A beam of electrons 
from a source (not shown) eniers the column through a 
first set of beam deflectors 10 and pass through a con- 
denser lens 12 into an aperture system indicated gen- 
erally at 14. Alter passing through the aperture system 20 
14, the beam exits the column via a second set of beam 
deflectors 16 and an objective lens 18 and is directed 
onto a sample (not shown).The aperture system 14 
comprises a precision linear motor, such as a Burleigh 
"Haystack" Inchworm actuator, is positioned along the 25 
optical axis Z of the e-beam column in the vicinity of a 
beam crossover, e.g. objective lens object plane/con- 
denser lens image plane. The actuator is vacuum com- 
patible and non-magnetic An aperture plate 20 is 
mounted in an aperture holder 21 which is in turn fixed 30 
to the hollow inner drive shaft 22 of the actuator. The 
pjate has §p aperture of predetermined size which can 
be less than 500 urn and the plate itself can be less than 
50 jim edge thickness The drive shaft 22 is made of alu- 
mina and is lined with a metal tube 24 to prevent charg- 35 
ing of its insulating surface. The motor housing 26 of the 
actuator is fixed in the column and locates the shalt 22 
and aperture plate 20 concentric to the optical axis Z as 
closely as possible (the shaft 22 is concentric with the 
housing 26 to a tew microns and is therefore essentially 10 
concentric with the axis Z as well). Power and drive sig- 
nals are provided to the actuator by four electric leads 
(not shown). As the acluator is made of non-magnetic 
materials, it is possible lor it to move through the center 
of the electro-optic arrangement without affecting its be- *s 
havior. This allows a greater range of travel than would 
be permissible with an arrangement made of magnetic 
materials. 

Activation of the actuator causes the drive shaft 22 
to travel along the optical axis Z, moving the aperture so 
20 relative to the beam crossover OP and resulting in 
an effective change in aperture size. Steps as small as 
4 nm are possible with the actuator described above, 
providing essentially a continuous variation in aperture 
size between the two extremes. Figures 3a and 3b show ss 
drive shaft 22 in its two extreme positions relative to the 
crossover OP which can typically be a total travel of 
about 1 inch. By monitoring the beam current after the 



aperture, the need to know exact accu racy of position ing 
is avoided Changes in the beam current provide an in- 
dication of changes in the effective aperture size. 

In certain circumstances, it may be difficult to posi- 
tion the aperture on the optical axis to an accuracy great- 
er than 1 mil, for example, due to machining errors. For 
small apertures where this error can be significant., the 
beam deflectors 10, 16 are used to obtain the proper 
beam/aperture alignment in the same manner as with a 
small, fixed position and size aperture which suffer from 
the same problem. An alternative approach is shown in 
Figure 2. In this embodiment, the aperture plate 20 is 
mounted on a piezo-electric actuating device which is 
connected to the drive shaft 22 at its far end by means 
of a mount 30. The actuating device comprises a con- 
centric arrangement of an outer, quadranted, high volt- 
age x-y electrode 32, a piezo-electric actuator 34 and 
an inner, grounded x-y electrode 36. The aperture plale 
20 is fixed to the piezo-electric acluator 34. With this 
arrangement, the metal liner tube 24 is not required as 
the inner electrode is grounded. The piezo-electric ac- 
tuating device can provide a few mils of x-y (transverse 
to the optical axis Z) positioning, the actual amount de- 
pending upon the length of the the actuator. For a 2 inch 
long actuator about 2 mils of positioning movement can 
be provided. Five additional electrical wires (not shown) 
are required to operate the piezoelectric actuating de- 
vice. This arrangement is commonly used for scanned 
probe instruments. The quadranted outer electrode 32 
is used in a conventional push-pull scheme to provide 
the appropriate level of positioning. 

While the presenl invention has been described 
above in relation to an e-beam system, it will be appre- 
ciated that it is also applicable to other optical systems. 
In cases where these are not subject to magnetic influ- 
ence, it is possible to use magnetic materials and mag- 
netorestrictive actuators when appropriate. 



Claims 

1. An optical system for a particle beam device, com- 
prising: 

a) a particle beam column having an optical ax- 
is along which a beam of particles is projected; 
and 

b) an apertured member positioned in the col- 
umn having an aperture which is substantially 
coaxial with the optical axis, the member being 
moveable rt a direction which is substantially 
.parallel to the optical axis. 

2. An optical system as claimed in claim 1 , wherein 
the column further comprises lenses and deflectors 
for focusing and deflecting the particle beam. 

3. An optical system as claimed in claim 2. wherein 
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the apertured member is positioned in the optical 
column between a condenser lens and objective 
lens. 

4. An optical system as claimed in claim 3, an object 5 
plane being defined in the column and the apertured 
member subtending an angle at the object plane, 
the member being moved to vary the subtended an- 
gle. 

10 

5. An optical system as claimed in claim 1 , wherein 
the apertured member has a single aperture of fixed 
size defined therein. 

6. An optical system as claimed in claim 1 . wherein »s 
the apertured member is movably mounted in a sub- 
stantially cylindrical housing mounted in the optical 
column around the optical axis. 

7. An optical system as claimed in claim I, lurlher com- so 
prising an actuator arrangement for moving the ap- 
ertured member in a plane perpendicular to the op- 
tical axis. 

8. An optical system as claimed in claim 6, further 25 
comprising an actuator arrangement positioned at 
one end of the housing for moving the apertured 
member in a plane perpendicular to the optical axis. 

9. An optical system as claimed in claim 1, further so 
comprising a vacuum compatible, non-magnetic, 
linear actuator for moving the apertured member 
along the optical axis. 

10. An optical system as claimed in claim 9, wherein 35 
the actuator comprises a piezoelectric element for 
causing movement of the member. 

11. An optical system as claimed in claim 9, wherein 

the actuator comprises a magnetorestrictive ele- 40 
ment for causing movement of the member. 

1 2. An optical system as claimed in claim 1 , wherein 
the particle beam is a charged particle beam. 

45 

13. An optical system as claimed in claim 12, wherein 
the charged particle beam is an electron beam. 

14. An optical system as claimed in claim 12, wherein 

the charged particle beam is a focused ion beam. so 

15. An optical system, comprising: 

a) an optical column having an optical axis 
along which an optical beam projects; and ss 

b) an apertured member positioned in the col- 
umn having an aperture which is substantially 
coaxial with the optical axis, the member being 
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moveable in a direction which is substantially 
parallel to the optical axis 

16. An optical system as claimed in claim 15, wherein 
the optical beam comprises a beam selected from 
the group consisting of electron beams, ion beams 
and light beams. 
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